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CHAPTER I 
THE PROBLEM 
I. STATEMENT OF THE PROBLEM 
The major purpose of this study was to examine the 
relationship between problem solving ability and understand-
ing the nature of the four fundamental processes in arith-
metic. The hypothesis of this study was that a very strong 
relationship between problem solving ability and understand- 1 
ing process meanings would indicate that more emphasis 
should be placed on developing the understanding of the 
nature of the processes in arithmetic. 
II. JUSTIFICATION FOR THE STUDY 
Problem solving is the cause of much failure in 
arithmetic. Children add when they should subtract, sub-
tract when they should multiply, and seem to lack completely 
an understanding of the nature of the computations they are 
performing. In recent years much stress has been placed on 
the development of arithmetical understandings but little 
research has been done to determine which understandings 
are most necessary. Since an important reason for teaching 
arithmetic is that it is needed for solving the many arith-
metic problems which will be met in real life situations, 
certainly those understandings vital to problem solving 
should be developed. Although it seemed obvious that proc-
ess understandings are essential to problem solving, this 
thesis has attempted to provide statistical support for 
this theory. 
III. SCOPE AND LIMITATIONS OF THE STUDY 
Ninety-seven sixth grade children in three classes 
2 
in a suburban school were the subjects of this investigation. 
Two tests were constructed and administered to these ninety-
seven children. The first was a test of process meanings; 
the second, a teat of problem solving. 
The understandings tested were very definitely lim-
ited to those essential to the understanding of the functions 
of the processes and of the relationships within and between 
them. The test on process meanings used only whole numbers 
in order to focus attention more directly on the inherent 
nature of the processes. 
The twenty problems used were limited to those with-
in the experience of the children tested, with vocabulary 
below grade level, and with simple grammatical construction, 
so that understanding of the use of the processes would most 
likely be the determining factor in reaching a satisfactory 
~ 
3 
solution . Problems involving the changing of denominate 
numbers, the use of number facts not given in the problem, 
or the need for the knowledge of any rules were not in-
cluded. The understandings assumed necessary for the solv-
ing of the problems were the same as those tested by the 
test of process meanings. 
IV. ORGANIZATION 
In Chapter II literature related to the subject of 
this thesis is reviewed and research studies which were 
related to it are cited. In Chapter III the plan and pro-
cedure of this investigation are described. The data 
gathered during this study are presented, analyzed, and 
interpreted in Chapter IV. A summary of the findings, con-
clusions,and limitations of this study are presented in 
Chapter V together with suggestions for further study. 
II 
CHAPTER II 
REVIEW OF RELATED LITERATURE AND RESEARCH 
Problem solving ability in arithmetic has been the 
subject of much research and many suggestions have been 
made for its improvement. Yet, there is evidence from many 
of our teachers that there is still a high percentage of 
failure i n this phase of arithmetic. Therefore much more 
insight i s needed into the necessary procedures to be used 
in order to achieve success in problem solving. 
In recent years there has been emphasis upon meanings 
or understandings in arithmetic. Many authorities feel that 
better understanding of meanings in arithmetic would pay 
dividends in problem solving proficiency. 
In this review, literature and research related to 
problem solving will be presented, and also informed opin-
ions on the value of understandings as an aid to problem 
solving. 
I. JOHNSON'S SUMMARY 
In 1944, H. C. Johnson made a thorough review or the 
literature on problem solving in arithmetic. He reported 
that it was apparent from the findings of the studies which 
he cited that problem solving is a complex ability dependent 
on many interrelated factors. There was evidence in some 
of the i nvestigations that vocabulary of arithmetic was an 
important factor in solving problems, that cues were help-
ful, and that drill in the comprehension of verbal problems 
1 
was of value. However, in summary, Johnson stated: 
It should be apparent to the reader that few of 
the studies which have been reported in this re-
view can be accepted without considerable reser-
vation. Many of them are faulty either in design 
or interp~etation or in both. Few have adequate 
controls. 
From this summary it seemed that there was much more 
to be done to solve the problem of arithmetic problem solv-
ing. The remainder of this chapter will deal with material 
related to the subject since Johnson's review. 
II. FACTORS RELATED TO PROBLEM SOLVING ABILITY 
Reading Skills 
That reading skills are factors in problem solving 
ability has been demonstrated positively. 
H. C. Johnson investi gated the effect of instruction 
in mathematical vocabulary upon problem solving in arithme-
tic. His findings indicated that instruction in mathematical 
1Harry c. Johnson, "Problem Solving in Arithmetic: 
A Review of the Literatur~," Elementary School Journal, 
XLIV (March and April, 19~), 396-404, 467-482. 
2Ibid. 
6 
vocabulary resulted in significant gains in both mathematical 
vocabulary and problem solving.3 
Treacy studied the relationship of reading skills to 
the ability to solve arithmetic problems. He found that gen-
eral reading level did not significantly relate to success 
in arithmetic problem solving, but certain ' specific reading 
skills were significantly related. These were skills in 
quantitative relationships, perception of relationships, 
vocabulary in context, and integration of dispersed ideas.4 
The Hansen study tried to identify some factors that 
were associated with sixth graders' success in word problems. 
He found that such reading factors as general langua~e 
ability, reading graphs, charts, and tables, and general 
vocabulary were associated with greater achievement in word 
problems.5 
When Fay related specific reading skills to the area 
of arithmetic at the sixth grade level he found no definite 
3Harry c. Johnson, "The Effeet of Instruction in 
Mathematical Vocabulary upon Problem Solving in Arithmetic," 
Journal of Educational Research, XXXVIII (October, 1944), 
97-111. -- . 
4J. P. Treacy, "Relationship of Reading Skills to the 
Ability to Solve Arithmetic Problems," Journal of Educational 
Research, XXXVIII (October, 1944), 86-96. --
5c. W. Hansen, "Factors Associated with Successful 
Achievement in Problem Solving in Sixth Grade Arithmetic," 
Journal of Educational Research, XXXVIII (October, 1944), 
111-118.-
tie-up between the skills in reading and achievement in 
word problems. The reading skills which he tested were: 
7 
predicting outcomes of given events, understanding precise 
directions, general comprehension, reading of maps, charts, 
and tables, and the use of the index, references, and the 
dictionary. However, it may be hypothesized that reading 
skills more directly related to the demands of arithmetic 
would prove significant to achievement in those areas.6 
Brueckner and Grossnickle have listed many different 
types of reading skills which they considered fundamental 
to proficiency in problem solving. They stressed the impor-
tance of reading skills for problem solving in the following 
paragraph: 
The ability to read quantitative materials of 
many different kinds with understanding and for a 
wide variety of purposes is fundamental to success 
in arithmetic. It is the basis of much of our 
quantitative thinking. The ability to read explana-
tions of number processes, problems, graphs, instru-
ments of measurement, and diagrams is quite different 
from the ability to read literary materials •••• 
Pupils must be given di§ect training in reading 
quantitative materials. 
6Leo c. Fay, ''Relationship between Speei:f'ic Reading 
Skills and Selected Areas of Sixth Grade Achievement," 
Journal of Educational Research, XLIII (March, 1950), 541-54~ 
7Leo J. Brueckner and Foster E. Grossnickle, Making 
Arithmetic Meaningful (Philadelphia: The John c. Winston 
Company, 1953), pp. 498-499. 
8rbid., P• 498. 
Cr onbach agreed that reading skills are important 
when he declared: 
Reading skills of a high order are required to 
8 
make sense of the complex sentences found in most prob-
lems. The vocabulary of the problem may be a source 
of trouble, and most teachers do make an effort to 
clarify the unfamiliar terms as they come up. But 
after the pupil can read the problem, that is,-- he 
can say the words and rephrase the sentence in othe~ 
words--he still may fall short of comprehending it.Y 
Stahl expressed a similar viewpoint when he said: 
At the root of the trouble, without doubt, is the 
inability on the part of the pupil to read the prob-
lem and understand the situation stated.10 
In a panel discussion on problem solving which was 
reported by J. T. Johnson, Jeffords discussed the importance 
of reading. She stressed the need for careful reading, the 
development of a specialized vocabulary, and reading to see 
relationships. She expressed this belief: 
Reading is not the complete answer to difficul-
ties in arithmetic problems, but experience has taught 
me that teachers who make constant use of reading 
guidance in arithmetic utilize one of the most valu-
able sources for pupil development through reading.ll 
. 9Lee J. Cronbach, "The Meanings of Problems," Ari th-
metic 19 8, (Supplementary Educational Monographs, No. 66. 
cago: University of Chicago Press, 1948), p. 38. 
10Edgar A. Stahl, "Improving Problem Solving in Arith-
metic.," School Science and Mathematics, LIII (December,l953), 
746-747. . . 
11J. T. Johnson, "What is Problem Solving in Arithme-
tic?" School Science and Mathematics, XLVI (March, 1946), 
257· 
9 
Mental Abilities 
· J . T. Johnson examined the relationship between abil-
ity in problem solving as measured by five different tests, 
and six mental abilities as measured by the Chicago Primary 
Mental Abilities battery. The mental abilities tested were 
number, vocabulary, space perception, word fluency, reason-
ing, and memory. Vocabulary and reasoning had the highest 
correlation with all the regular problem tests. Thus John-
son commented: 
Can we say that problem solving in arithmetic is 
related to general intelligence through the factors 
of vocabulary and reasoning? It was somewhat sur-
prising to find vocabulary rating highest in both 
prob l em solving and general intelligence. Perhaps 
it can be explained by knowing that words are our 
vehicle of thought and the better the vehicle the 
better the thinking. And the better thinking one 
does the more intelligent he is and perhaps the 
better problem solver.l2 
Morton stated that intelligence is the chief factor 
conditioning the ability to solve problems. As there is a 
wide range in intelligence, there must also be great differ-
ences in the ability of the pupils in problem solving. 
Therefore the pupils "should be taught to reason as care-
fully as they are able in solving problems; and the problems 
12J. T. Johnson, 11 0n the Nature of Problem Solving 
in Arithmetic," Journal of Educational Research, XLIII 
(October, 1949), llO-ll~ 
10 
set them should be commensurate with their intelligenee.nl3 
III. PROCEDURES SUGGESTED FOR AIDING PROBLEM SOLVING 
Formal Analysis 
Recognizing that problem solving requires some kind 
of analysis, many authorities have advocated a formal analy-
sis plan which required the pupil to tell what the problem 
asked, what the problem told, how it could be solved, and, 
sometimes answer other questions about the problem, before 
actually doing the computations which would solve the prob-
lem. Recent research has discouraged the use of this plan. 
Morandi discovered through testing and interviewing 
that children who had been taught to formally analyze arith-
metic problems did not use this method when it was not 
required. Also her findings seemed - to indicate that an 
extensive program of practice in the formal analysis method 
does not result in better methods of reasoning.14 
Burch made a more extensive study of formal analysis. 
l3Robert Lee Morton, Teaching Children Arithmetic 
(New York: Silver Burdett Company, 1953), P• 483. 
14Norma M. Morandi, "A Study of the Value of For.mal 
Analysis in Problem Solving," (unpublished Master's thesis, 
Boston University School of Education, Boston, 1949). 
11 
Two tests were given to three hundred five children of the 
fourth, fifth, and sixth grades. One test was a formal 
analysis test and the other a non-analytic test which used 
the same problems. His results showed that the pupils did 
better on the non-analytic test than on the formal analysis 
test. The higher mean for the non-analytic test could mean 
that responding to each step in the formal analysis may be 
a more di fficult task t~an is the fact of solving the prob-
lem.15 
Spache gave a test which required the pupils to ana-
lyze the problems. His purpose was to measure pupil's 
ability t o (l) recognize or understand the facts given, 
(2) decide what facts are to be found in solving the prob-
lems, (3) caoose the appropriate arithmetical computations 
to solve the problems, (4) estimate the answers, and (5) exe-
cute the solution. He found that there was greater differ-
ence between high and low scoring pupils in their abilities 
to read and understand problems and to estimate the answers 
than there was in the choice of the correct steps and the 
actual solution. However, in all parts the low scoring 
pupils were inferior -- a fact which demonstrated that 
15Robert L. Burch, "Formal Analysis as a Problem 
Solving Procedure, 11 Journal of Education, ·C.XXXVI (November, 
1953), 44-47-
12 
pupils who are poor in arithmetic reasoning tend to be weak 
in the other arithmetic skills. 16 
Beatley was definitely dubious about approving any 
system for solving problems when he stated his views as 
follows: 
I am opposed to systems for this sort of learning 
as I believe that the pupil is more likely to learn 
the sy~tem than to learn what the system aims to lead 
him to learn •••• Thus I may have no quarrel with 
the a im of the system, yet believe that the system 
will not help the pupil to attain the desired goal; 
for the system will tend to supplant the goals.l7 
Estimation 
The use of estimation as an aid to successful problem 
solving has received rather wide approval. 
Etter made a study to determine the effect on problem 
solving of training pupils in the techniques of estimating. 
His investigation resulted in the following conclusion: 
Judging by the results it would appear that concen-
trated practice including the practice of estimation 
in problem solving is more beneficial in tending to 
eliminate absurd answers than is an identical length 
period of only concentrated practice in solving 
l6George Spache, "Tests of Ability in Arithmetic 
Reasoning," Elementary School Journal, XLVII (April, 1947), 
442-445 .. 
17Ralph Beatley, "Arithmetic for a Free Society," 
Mathematics Teacher, XL (October, 1947), 277. 
problems .••. One o~ the main contributions of esti-
mation to problem solving was that the practice o~ 
estimating called for a more care~ul reading o~ the 
probl em and eliminated many errors caused by misread-
ing the problem.l8 
13 
Hartung, while approving the practice of estimation, 
called at tention to its limitations: 
One of the most noteworthy advances in the teach-
ing o~ problem solving is the modern emphasis on the 
use of common sense and reasonableness in judging 
the solution. • •• It should be noted, however, 
that estimating the answer seems to be of little value 
in helping pupils to determine which process to use. 
Far too o~ten they cannot make a reasonable estimate 
without a prior determination o~ process and a calcu-
lation using rounded o~~ values o~ the data. Thus the 
value of estimation can be overemphasized.l9 
Another warning against placing too much con~idence 
in estimation came from Karstens: 
Making a preliminary estimate is regarded by many 
as a practical way to prevent absurd answers. In 
certain situations estimating is a real help, but in 
other situations estimating is quite difficult, if 
not impossible. An estimate that is difficult and 
as subject to error as the actual computation is val-
ueless.20 
18 . 
W. J. Etter, "The Value in Trainin~ in Techniques of 
Estimating in Fifth Grade Problem Solving,' (unpublished 
Master's thesis, Boston University School o~ Education, 
Boston, 1950). 
19Maurice L. Hartung, "Advances in the Teaching of 
Problem Solving, 11 Arithmetic 1948, (Supplementary Educational 
monographs, No. 66, Chicago: University of Chicago Press, 
1948>, p. 48. 
20H. Karstens, "Effective Guidance in Problem Solving," 
Mathematics Teacher, XXXIX (April, 1946), 174. 
Brueckner and Grossnickle recommended teaching chil-
dren methods of estimating and practicing those methods. 
They gave the following explanation: 
Cues 
I f an individual is able to make reasonably accur-
ate estimates of the answers to examples and problems, 
he is not likely to accept the absurd answers so often 
given by pupils. If the pupil can make fairly close 
estimates, it is evident that he understands the prob-
lem and has considerable facility in pelforming mental 
computations with rounded-off numbers.2 
Although cues or clues have been used by many in 
solving problems, their use has met with considerable dis-
approval. With reference to this technique, Karstens stated: 
Much emphasis is placed on the use of "cues" in 
problem solving wherein the pupil takes his cue from 
the wording of the problem. • • • When resort is made 
to cues, either the problem situation is far removed 
from the pupil's experience or an attempt is being 
made to eliminate the need for thinking and reason-
ing. • • • Even thouwh the lack of understanding 
inherent in the "cue method be disregarded, the 
learning of a suffi~~ent number of cues proves to be 
an i mpossible task. 
Morton also advised that the teaching of cues be 
avoided: 
It is important that the wording of the problems 
be varied so that the pupils will not form the habit 
of reacting in a mechanical way to certain words 
21Brueckner and Grossnickle, op. cit., p. 529. 
22Karstens, op. cit., P• 175. 
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which may serve as cues •••• The habit of relying 
on cues defeats the major purpose of problem solving 
the development of the abiliti to see relationships and 
to do quantitative thinking.2) 
Visualization 
The use of diagrams or drawings as an aid to problem 
solving was highly recommended by Spitzer: 
Almost every adult has had the experience of hav-
ing the solution of a verbal problem made easier 
through use of a drawing or diagram which shows the 
essential conditions of the problem. It is not dif-
ficult to see how such a procedure is of assistance 
for it requires careful reading, selection of essen-
tial elements, and a visualization aid, all of which 
make possible ea~ier grasp of the conditions stated 
in the problem.24 
Brueckner and Grossnickle also have given their 
approval to picturing the solutions of problems: 
At all grade levels it is helpful to have pupils 
picture or objectify the solution of problems, real 
or verbal. This may be done either with concrete 
objects and manipulative ma~erials or with drawings 
• • • • The use of diagrams often helps children to 
grasp the meaning of rathe~5difficult relationships among. numbers in problems. 
23Morton, op. cit., P• 494. 
24Herbert F. Spitzer, The Teachin~ of Arithmetic, 
(Boston; Houghton Mifflin Company, 1954 ,p. 191. 
25 Brueckner and Grossnickle, op. cit., p. 526. 
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IV. KINDS OF PROBLEMS 
Underlying the stress placed on functional units and 
social uses of problems is the implication that problems can-
not be solved as easily or with as much interest if they are 
not understood. 
The use of problem units was strongly advocated by 
Wilson when he said: 
The evidence clearly states: That meaningful prob-
lem units based upon pupil interest and contacts in 
home and community do increase the understandings, 
the interests, and efforts of the children; That chil-
dren's indifference to the usual textbook problem 
work is easily replaced by interest when functional 
problem units are made the basis of problem work; 
That plenty of possible functional unit~6are always at hand for any grade in any community. 
Clark and Eads noted some of the differences between 
experience problems and textbook problems and called atten-
tion to the importance of using familiar situations: 
Actual experience situations are quite different 
from problem situations stated in precise verbal 
statements -- that is, the printed words. Experience 
situations may involve few words; the thing that is 
wanted is not stated but must be determined by the 
children themselves; essential data may be obscured 
or actually missing. On the other hand the concepts 
and relationships involved in appropriate experience 
situations in which children actually participate 
may be more readily understood than those stated in 
printed words. It is essential, therefore, that 
26Guy M. Wilson, Teaching the New Arithmetic (New York: 
McGraw-Hill Book Company, Inc., !95l~p. 385. 
probl ems stated in printed words involve only situa-
tions familiar to children expected to deal with 
them thoughtfully2 and that the words involved clari-fy the situation. 7 
Morton presented the following argument in defense 
of real problems: 
If problems are real, they are likely to be inter-
esting. If they are real in the sense that they 
actually occur in the experiences of the pupils, they 
are sure to be interesting. Unreal problems may also 
interest pupils, especially those pupils who have a 
fondness for arithmetic. Nevertheless it is not 
wise to include unreal problems in the program, be-
cause they may fail to interest more than a minor 
fraction of the pupils and may cause pupils to lose 
confid~nce in the integrity of the arithmetic pro-
gram.2tl 
Helland used three forms of verbal problems for a 
17 
comparison at the fourth grade level. The conclusions from 
this study indicated that there were no differences of any 
practical significance as to the degree of success achieved 
by children on each of the three forms of the test. 29 
27John R. Clark and Laura K. Eads, Guldin~ Arithmetic 
Learning, {New York: World Book Co., 1954), p. ~1. 
28Morton, op. cit., P• 487. 
29Edward C. Helland, "A Comparison of the Responses 
Given to Three Different Forms of Verbal Problems at the 
Fourth Grade Level," {unpublished Master's thesis, Boston 
University School of Education, Boston, 1953). 
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V. MEANINGS AND RELATIONSHIPS IN NUMBER PROCESSES 
In line with the present trend of making arithmetic 
more meaningful, many authorities have given support to the 
theory t hat understanding of basic concepts in arithmetic 
will result in greater ability in problem solving. Moreover, 
many of the difficulties encountered in problem solving have 
been attributed to the lack of essential arithmetic under-
standings. 
Frequently Brownell has emphasized the need for 
developing the meanings of arithmetic. Thus he made the 
following statements: 
The first problem in making arithmetic meaningful 
is to identify the meanings to be taught--meanings 
which, by their own relationships and by the ties 
which they establish among seemingly disparate com-
putational items, serve to knit arithmetic into a 
coherent mathematical subject. 
. . . . . . . . . . . . . . . . . . . . . . . . . 
When the fourth-grade pupil, in trouble with verbal 
problems, asks the teacher whether to add, or subtract, 
or multiply, or divide, he also de~onstrates completely 
the absence of essential meanings.JO 
Later he identified those arithmetical meanings 
which he believed should be taught, giving as one reason 
30William A. Brownell, "When Is Arithmetic Meaning-
ful?'' Journal of Educational Research, XXXVIII (March, 1945), 
483. 
19 
for this instruction that it nencourages learning by problem 
solving in place of un-intelligent memorization and prac-
31 
tice. " Among the four groups of meanings which he listed 
were the following which are pertinent to this writer's 
study: 
A second group of meanings includes understand-
ings of the fundamental operations. Children 
must know when to add, when to subtract, when to 
multiply, and when to divide. They must possess 
this knowledge and they must also know what hap-
pens to the numbers used when a given operation 
is employed. 
. . . . . . . . . . . . . . . . . . . . . . . . . 
A third group of meanings is composed of the 
more important principles, relationships, and 
generalizations of arithmetic.32 
Swenson explained that if the processes are developed 
as simple matters of grouping and re-grouping, the typical 
child should not leave the third grade without some real 
understandings of the interrelationships among the four 
fundamental processes. Her viewpoint, as expressed in the 
following excerpt, has attempted to lessen the distinction 
between computation and problem solving: 
31william A. Brownell, nThe Place o:r Meaning in the 
Teaching of Arithmetic," Elementary School Journal, XLVII 
(January, 1947), 263. 
32Ibid., P• 258. 
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If the four fundamental processes are really 
understood--separately and in relation to one 
another--how to add, subtract, multiply, and 
divide (i.e. computation) should involve pretty 
much the same understandings as are needed in 
knowing when to add, subtract, multiply, or divide. 
When a child can subtract, in the computational 
s ense, but does not know when subtraction will 
solve or simplify a number situation, does he 
~eally know the subtraction process?33Is it even correct to say that he can subtract? 
"In arithmetic," wrote Stokes, "meaning is the import 
of relationship inherent in number study; the sense which 
relationships are intended to express. Relationships con-
stitute the meanings." 34 
He related the above idea to problem solving in this 
definition: 
Then, problem solving in arithmetic is the 
determination of the nature of the relations in-
volved in a challenging quantitative situation 
and consequent activity that unifies properly 
chosen relations into a satisfactory resylt. Thus 
problem solving is a thoughtful action.3~ 
In developing the subject further, he set forth these 
assertions: 
Determining the means is a step that is preparatory 
33Esther J. Swenson, "Arithmetic for Pre-School and 
Primary Grade Children," The Teaching of Arithmetic,Fiftieth 
Yearbook of the National SOCiety for theStudy of Education, 
Part II (Chicago: University of Chicago Press, 1951), p. 66. 
(New 
34c. Newton Stokes, Teaching the Meanisg) of Arithmetic 
York: Appleton-Century Crofts, Ind., 19 1 , p. 4. . 
35Ibid., p. 187. 
to the unifying process in all problem solving. It 
is that step which resolves the problem into its 
parts. 
. . . . . . . . . . . . . . . . . . . . . . . . . 
Differentiation and discrimination of elements 
bri ng out the relationships that are involved. The 
relationships pass in review. The child then per-
cei ves what mode of action seems to be necessary to 
give the answ~5 to the explicit parts and eventually 
to the whole • .:S 
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When Clark considered the problem of how to analyze 
a problem (the pre-computational thinking), he expressed the 
conviction that the "secret of successful problem solving is 
'seeing' the relationship between what one wants to find and 
the known facts in the problem situation.n37 
In further development of this same idea Clark and 
Eads explained: 
In order to solve problems children need to see 
and to understand the various relationships involved 
in the problem situation. The essence of problem 
solving is recognizing how what is wanted is dependent 
upon or related to something else. This relationship 
reveals that the unknown (the wanted number) is the 
sum, difference, product, or quotient of other numbers 
or a combination of these. Children need a certain 
level of mental maturity to be able to see the neces-
sary relationships. And the more relationships th~t 
need to be seen, the greater the maturity needed.3 
36Ibid., p. 191. 
37John R. Clark, Six Persistent Problems in Teaching 
Arithmetic (Notes for the Arithmetic Teacher--Number 6. 
Yonkers-on-Hudson, New York: World Book Company, 1952), p. 2. 
38clark and Eads, op. cit., P• 259. 
VI. SUMMARY 
Although the literature and research about problem 
solving have not revealed any easily identified superior 
methods of problem solving, there was evidence that the 
following kinds of instruction and experiences should con-
tribute to the improvement of problem solving ability: 
1. Development of the vocabulary of arithmetic. 
2. Development of specific reading skills. 
3. Provision for individual differences in problem 
solving. 
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4. Development of the technique of estimating answers. 
5. Visualization of the problem situation. 
6. Use of problems within the experience of the pupils. 
7. Development of arithmetic meanings and relationships. 
Moreover there were convincing arguments presented 
to discourage the use of formal analysis methods and of 
cues. 
CHAPTER III 
PLAN AND PROCEDURE 
In order to examine the relationship between problem 
solving ability and the functional understanding of the 
arithmetic processes, two tests were used. As there were no 
tests available for the measuring of process meanings, and 
no ready made problem solving test which would serve the pur-
pose of this study, two tests were constructed and may be 
found in t he appendix of this thesis. 
The test of process meanings attempted to measure the 
understanding of the nature of ·the processes - of what hap-
pens to the numbers when they are added, subtracted, multi-
plied, or divided. Also, this test tried to measure the 
understanding of relationships between the numbers. 
The specific objectives of the test were the follow-
ing understandings: 
1. Addition is combining unequal or equal groups. 
2. The order of the addends does not affect the answer. 
3. Addition does not make more. 
4. Only like numbers can be added or subtracted. 
5. Subtraction is removing or separating part of a group. 
6. Subtraction is finding how much must be taken from 
one group to make another. 
7. Subtraction is rinding how much must be put with a 
group to make it equal to a larger group. 
8. Subtraction is finding how much larger or smaller one 
group is than another. 
9. Subtraction does not make less. 
10. There is a relationship between the subtrahend and the 
remainder (6- 2 • 4 ; 6- 4 a 2). 
11. Multiplication is a short way of putting together equal 
groups and thus is related to addition. 
12. Interchanging the ractors in a multiplication example 
does not change the answer. 
13. Multiplication does not make more. 
14. Division is finding what part one group is of another. 
15. Division is rinding how many groups or sizes like the 
divisor can be obtained from a given number. 
16. Division is finding the size of each or a number or 
·groups into which a larger group can be separated. 
17. The remainder in division is less than the divisor and 
indicates that there is not enough left to make another 
group the size of the divisor. 
18. There is a relationship between the divisor and the 
quotient (8 ~ 2 = 4; 8 ~ 4 = 2). 
19. If we know the sum or two addends, the dirference 
between the sum and either addend is the other addend. 
20. If we know the difference between two numbers, the 
difference added to the subtrahend will equal the 
minuend. 
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21. Division bears an inverse relationship to multiplica-
tion. 
22. The quotient tells how many times the divisor may be 
subtracted from the dividend. 
The problem solving test consisted of twenty typical 
sixth grade problems. The test was given in two parts in 
order to prevent fatigue. Twenty problems were necessary to 
provide adequate sampling and to include sufficient problems 
to measure the understandings involved in the test of process 
meanings. An effort was made to keep the problem situations 
within the realm of the pupils' experience and within the 
scope of practical social usage. 
In both tests the vocabulary was kept well below sixth 
grade level and simple grammatical construction was used so 
that children who were poor in reading would not be greatly 
handicapped. 
Three sixth grade classes of a suburban school were 
used for this study. They will be referred to as Group A, 
Group B, and Group c. Data on chronological and mental ages 
and IQ's were gathered from the school records. 
I 
--=-A 
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The tests were administered on three consecutive days 
during the first week of March. The test of process meanings 
was given first, and the test of problem solving was given 
on the two following days. No time limit was placed on 
either test so that the children had ample time to finish. 
The raw scores for the tests were the number of items 
correct. As the main purpose of the problem solving test 
was to measure the functional understanding of the processes 
to be used to secure the correct answer, the problems were 
scored correct if the correct processes were used. In prob-
lems of more than one step no credit was given for partially 
correct choice of processes. The problems were scored sepa-
rately for comput~tion. 
CHAPTER IV 
PRESENTATION, ·ANALYSIS, AND INTERPRETATION OF DATA 
I. DESCRIPTION OF THE GROUPS 
The data collected from the school records were 
studied to provide a description of each of the three groups 
studied in this investigation~ Chronological ages were 
figured from the certified dates of birth to the date of 
the first test which was March 8, 1955. A frequency distri-
bution was set up and the means and the standard deviations 
were derived. Table I shows the distribution of chronologi-
cal ages. Group A had a mean of 137 months and a standard 
·, 
deviation of 4.7. Group B had a mean of 137 months and a 
standard deviation -of 4.9. Group Chad a mean of 139 months 
and a standard deviation of 4.9. 
A frequency distribution of the mental ages is shown 
in Table II. These data also represent the ages as of 
March 8, 1955. Group A had a mean of 156 months and a stand-
ard deviation of 18.4. Group B had a mean of 148 months 
and a standard deviation of 16.0. Group C had a mean of 153 
months and a standard deviation of 14.5. A comparison of 
the mental ages with the chronological ages shows that all 
three groups were higher in mental ages. 
Months 
152-153 
150-151 
148-149 
146-147 
1.44-145 
142-143 
140-141 
138-139 
136-137 
134-135 
132-133 
130-131 
128-129 
126-127 
124-125 
122-123 
Total 
Mean 
' SD 
TABLE I 
DISTRIBUTIONS, MEANS, AND STANDARD 
DEVIATIONS OF CHRONOLOGICAL AGES 
Group A Group B 
2 1 
1 2 
3 1 
3 6 
3 6 
7 3 
7 3 
7 6 
1 
1 
33 30 
137 137 
4-7 4.9 
28 
Group c 
1 
1 
9 
5 
3 
5 
3 
6 
1 
34 
139 
4.9 ' 
TABLE II 
DISTRIBUTIONS, MEANS, AND STANDARD 
DEVIATIONS OF MENTAL AGES 
Months Group A Group B 
195-199 1 
190-194 1 
185-189 2 
180-184 1 
175-179 1 
170-174 1 4 
165-169 2 2 
160-164 3 2 
155-159 4 1 
150-154 3 2 
145-149 6 4 
140-144 3 3 
135-139 2 3 
130-134 1 5 
125-129 2 
120-124 2 1 
Total 32 30 
Mean 156 148 
SD 18.4 16.0 
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Group C 
1 
1 
1 
4 
4 
4 
5 
5 
3 
2 
2 
1 
1 
34 
153 
14-5 
30 
Table III shows the distribution of IQ•s. These IQ's 
were based on the Kuh~man-Anderson test. Group A had a mean 
of 113.7 and a standard deviation of 14.4. Group B had a 
mean of 108.3 and a standard deviation of 11.3. Group c had 
a mean of 110.6 and a standard deviation of 12.2. 
The arithmetic background of the three groups could 
not be considered homogeneous. Although all had received 
instruction in the same general core of arithmetic subject 
matter, the methods by which they were taught were quite 
varied, not only in the sixth grade, but throughout the 
entire el ementary program. Also, a large number of new 
entrants to the school during the past few years added to 
the heterogeneity of the group. 
II. RESULTS OF THE TESTS 
The test of process meanings contained thirty-five 
items, yielding a raw score of 35 which was attained by only 
one child. Table IV gives a distribution of the scores on 
this test. Group A had a mean of 24.3 and a standard devia-
tion of 5.3. Group B had a mean of 20.2 and a standard 
deviation or 5.9. Group C had a mean of 25.6 and a standard 
deviation of 4-7· In this test even the poorest achievers 
succeeded in answering some items correctly. Thus it would 
seem that, to some extent, the test accomplished its purpose 
TABLE III 
DISTRIBUTIONS, MEANS, AND STANDARD 
DEVIATIONS OF IQ1 S BASED ON 
KUHLMAN-ANDERSON TEST 
IQ1 s Group A Group B 
145-149 1 
140-144 1 
135-139 2 
130-134 1 
12.5-129 1 2 
120-124 1 5 
11.5-119 7 4 
110-114 6 3 
10.5-109 6 2 
100-104 2 6 
95- 99 1 5 
90- 94 1 2 
85-89 1 1 
80- 84 1 
Total 32 30 
Mean 113.7 108.3 
SD J.4.4 11.3 
31 
Group C 
1 
1 
3 
2 
5 
7 
6 
3 
3 
1 
1 
1 
34 
110.6 
12.2 
TABLE IV 
DISTRIBUTIONS, MEANS, AND STANDARD 
DEVIATIONS OF RAW SCORES ON 
TEST OF PROCESS MEANINGS 
Raw Score Group A Group B 
I 
34-35 1 
32-33 1 
30-31 3 2 
28-29 5 2 
26-27 4 2 
24-25 6 1 
22-23 4 4 
20-21 3 8 
18-19 4 3 
16-17 2 
14-15 2 
12-13 1 
10-11 1 2 
8- 9 2 
Total 33 30 
Mean 24.3 20.2 
SD 5.3 5.9 
32 
' 
Group C 
6 
2 
5 
4 
2 
8 
4 
2 
1 
34 
25.6 
4·7 
33 
of measuring the process understandings, providing some 
items wi t hin the understanding of each child and, at the 
same time, including enough difficult items to afford the 
high achievers an opportunity to show their superior knowl-
edge. To most of the children the test of process meanings 
presented items which were completely new as test material. 
This lack of familiarity tended to disturb the confidence 
of some and probably resulted in lower scores. This same 
lack of familiarity with the test items helped to strengthen 
the validity of the test tor it increased the probability 
that the choice of answers would depend on real understand-
ing rather than on rote memorization which might result in 
choosing the correct answers without any actual understand-
ing. 
In scoring the problem solving test one point was 
given for each problem which was solved by a correct method. 
Mistakes in computation were not considered as this investi-
gation was concerned primarily with process meanings. The 
results of Part I and Part II of the Problem Solving Test 
were combined. The distribution of the scores of this test 
are presented in Table V. 
standard deviation of 2.9. 
Group A had a mean or ~.6 and a 
Group B had a mean or 13.1 and 
a standard deviation of 3.9. Group C had a mean of 13.9 
and a standard deviation of 2.7. The low number of high 
TABLE V 
DISTRIBUTIONS, MEANS, AND STANDARD 
DEVIATIONS OF RAW SCORES ON 
TEST OF PROBLEM SOLVING 
Raw Score Group A Group B 
20 2 2 
19 1 
18 2 2 
17 6 1 
16 2 3 
1.5 3 4 
14 5 5 
13 5 2 
12 1 
11 3 1 
10 2 3 
9 2 
8 1 2 
7 2 
6 1 
Total 33 30 
Mean 14.6 13.1 
SD 2.9 3.9 
Group C 
1 
2 
3 
6 
5 
1 
5 
3 
3 
3 
2 
·I 
34 
13.9 
2.7 
35 
scores and the absence of any score lower than six seems to 
indicate that the test of problem solving was neither too 
difficult nor too easy for the groups tested, as each child 
had an opportunity to solve some problems correctly and yet 
the majority of the children found some problems which were 
beyond their ability. 
In summary, Table VI gives the means and standard 
deviations of the chronological ages, mental ages, IQ's, 
and of the scores on the tests of process meanings and prob-
lem solving for each of the three groups. 
III. DIFFERENCES BETWEEN THE GROUPS 
In order to discover if there were any significant 
differences in relevant experimental factors between the 
groups used in this investigation, null hypotheses that 
there were no differences were assumed, andthe t-ratios 
were computed for the measures tabulated in Tables I-V. 
Table VI I gives the data pertinent to these ratios. The 
differences between the means and the standard errors of 
the differences are recorded as well as the t-ratios. The 
group having the higher mean in each t-ratio is indicated 
by the letter in parentheses to the right of the difference 
between the means. 
For the difference between the groups to be signifi-
cant at the 5% level, a t-ratio of 2.00 would have been 
Measure 
Chronological 
Ages 
Mental 
Ages 
IQ' s 
Process 
Meanings 
Problem 
Solving 
TABLE VI 
S~1ARIZATION OF MEANS AND 
STANDARD DEVIATIONS 
Group A Group B 
Mean SD Mean SD 
137 4-7 137 4-9 
156 18.4 148 16.0 
113.7 14.4 108.3 11.3 
24.3 5.3 20.2 .5.9 
14.6 2.9 13.1 3.9 
36 
Group c 
Mean SD 
139 4.9 
153 14.5 
110.6 12.2 
25.6 4.7 
13.9 2.7 
I . 
I 
1 
I' I 
,i 
II 
I! 
II 
Groups A and ~ 
Measure Diff.M SE 
Diff. 
Chronolog-
leal Ages 0 0 
Mental 
Ages 8 (A) 4-48 
IQ' s 5.4(A} . 3-37 
Process 
Meanings 4•l(A) 1.44 ' 
, Problem 
Solving 1.,5(A) .88 
TABLE VII 
DATA ON t-RATIOS 
Groups A and C 
t Diff.M SE 
Diff. 
0 2 (C) 1.19 
1.78 3 (A) 4.14 
1.60 3.l(A} 3.39 
*2.85 1. 3 (C) 1.24 
1.70 • 7(A} ·70 
Grou)s B and C 
t Diff•M · SE- t 
Diff. 
-
1.68 2 (C) 1.25 1.60 
., 
.72 5 (C) 3.88 1.29 
.91 2.3(C) 3.01 .80 
1.05 5.4(c) 1.35 -fc-*4.00 I 
1.00 .8{C) .85 .94 
The letters beside the differences between the means indicate the group 
which had the higher mean. 
To be significant at the .5% level, t must ~ 2.00 for the degrees of freedom 
involved. 
*A t-ratio of 2.85 indicates that the difference between the groups is signifi-
cant beyond the 1% level. 
-lH!-A t-ratio of 4. 00 indicates that the difference between the groups is signifi-
cant beyond the .1% level. w 
-J 
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necessary for the degrees of freedom involved. The degrees 
of freedom for these groups ranged from 61 to 65. 
For the chronological ages, mental ages, and IQ's the 
null hypotheses were tenable in every instance, indicating 
that there were no significant differences between the groups 
in these factors. 
The t-ratios for the problem solving test were 1.70 
between groups A and B, 1.00 between groups A and c, and 
.94 between groups B and c. Thus, in the problem solving 
factor, also, the null hypotheses held. 
Only in the test of process meanings were significant 
differences found. Between groups A and C the t-ratio of 
1.05 was not statistically significant. But the t-ratio of 
2.85 between groups A and B indicated that the difference 
was significant beyond the 1% level. (At the 1% level there 
would be only 1 chance in 100 that the difference was due to 
chance.) Even more significant was the t-ratio of 4.00 be-
tween groups B and C. This indicated that the difference 
was significant beyond the .1% level. (At the .1% level 
there would be only 1 chance in 1000 that the difference was 
due to chance.) 
As this investigation is not concerned with the 
reasons for these differences no attempt will be made to 
explain them. However, as these differences did exist, the 
three groups could not be combined into one large group. 
There~ore data for each group are presented separately and 
the trend for the entire group m~st be deduced ~rom this 
presentation. 
IV. CORRELATIONS 
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To determine i~ the children who scored the highest 
on the test of problem solving were, to a significant degree, 
those who scored the highest on the test of process mean-
ings, correlation coefficients were found by the "Pearson 
product moment" method between the scores of the two tests. 
Correlati ons were also figured between process meanings and 
mental ages, process meanings and IQ's, problem solving and 
mental ages, and problem solving and IQ's. These results 
are presented in Tables VIII and IX. 
The amount of relationship between any two abilities 
is important in making inferences regarding the cause or 
effect of one ability upon another. The correlation coeffi-
cients between the tests of process meanings and problem 
solving we~e .83 for group A, .82 for group B, and .66 for 
group c. All three coefficients are statistically signifi-
cant, since r must approximate .441 - .463 for the various 
degrees of freedom to be significant at the 1% level. The 
coefficients of .83 and .82 for the A and B groups indicate 
Measure 
Probl em 
Solving 
Mental 
Ages 
IQ' s 
Measure 
Process 
Meanings 
Mental 
Ages 
IQ' s 
TABLE VIII 
CORRELATION COEFFICIENTS BETWEEN 
TEST OF PROCESS MEANINGS 
AND OTHER MEASURES 
Group A Group B 
.83 .82 
.48 .58 
.52 .59 
TABLE IX 
CORRELATION COEFFICIENTS BETWEEN 
TEST OF PROBLEM SOLVING 
AND OTHER MEASURES 
Group A Group B 
.83 .82 
.. 
• 43 .60 
-47 .61 
Group c 
.66 
.36 
.30 
Group c 
.66 
.16 
.11 
a higher degree of relationship than that of .66 for the c 
group. From these results it can be concluded, with consid-
erable confidence, that there is a very definite relationship 
between problem solving ability and the ability to understand 
the process meanings. 
Furthermore this relationship suggests that those 
children who understand the process meanings, as measured 
by the test used in this study, have greater problem solving 
ability. Conversely, it might be intimated that those who 
are better able to solve problems will have more understand-
ing of the process meanings. 
With this statistical evidence as a basis, a strong 
recommendation can be made for teaching the understandings 
measured by the test of process meanings as a means of 
increasing proficiency in problem solving. 
Although the opposite assumption that developing 
problem solving ability would result in greater understand-
ing of the process meanings may be equally true, it seemed 
that the teaching of problems as a means of gaining an 
understanding of the processes would be a less profitable 
procedure. 
This investigation has no evidence to reveal how 
these understandings of the process meanings may best be 
taught as an aid to problem solving. However, it would not 
'-j -
be advisable to rely on instruction unrelated to problem 
solving to make an automatic transrer to the recognition 
of these understandings in problems. It might be well to 
teach these understandings both with abstract numbers and 
in general terms and also as part of the problem solving 
instruction. 
The correlations between mental ages and IQ's and 
the tests used in this study served primarily to point to 
the greater significance of the relationship between prob-
lem solving ability and the ability to understand the process 
meanings. The results ·showed that problem solving ability 
was not nearly so closely related to general intelligence 
as measured by the Kuhlman-Anderson test as it is to the 
,· 
understanding or the process meanings as measured in this 
study. 
The comparatively low correlation coefficients be-
tween problem solving ability and mental ages and IQ's 
seemed to indicate that general intelligence, as measured 
by the Kuhlman-Anderson test, may not be as important a 
factor in problem solving as has been generally believed. 
Rather it would appear that the ability to solve arithmetic 
problems depends more upon some special aspects of intelli-
gence, such as number relationships or reasoning. 
,. 
V. OBSERVATIONS 
From a study of the individual tests and personal 
interviews with some of those tested, some further analysis 
of the test results could be made. 
A.nlong the children who did well on the test of process 
meanings but poorly on the test of problem solving two diffi-
culties were noted. Some of the children who had received 
considerable instruction on the process meanings and were 
familiar with the material involved in the test responded 
through memorization or recall but did not really have the 
understandings. Other children understood the processes 
when met in general terms or in abstract computations but 
were not able to apply these same understandings in specific 
problem situations. 
Thus it should be remembered that the ability to 
express in words an understanding does not always imply real 
understanding. Such rote learning should be discouraged. 
Furthermore, the understanding of the processes in abstract 
computation does not guarantee that these relationships 
will be perceived in problems. Therefore a part of the 
problem solving instruction should be aimed at helping the 
children to recognize the relationships of the numbers in 
the problems. It should be remembered, too, that choosing 
the correct processes is not sufficient proof that the child 
~ 
understands what happens to the numbers when those processes 
are executed. 
Among the children who did well on the problem test 
but poorly on the test of process meanings were found some 
who solved the problems by remembering similar problems and 
the methods of solving them or by finding clues in these 
problems. Although these children found these methods bene-
ficial in solving problems, the very fact that these methods 
do not seem to be related to the process understandings 
would be an argument against their use. 
CHAPTER V 
SUMMARY 
I. FINDINGS AND CONCLUSIONS 
The findings of this investigation seem to indicate 
that a strong relationship does exist between the ability 
to solve problems and the understanding of the process 
meanings. 
Therefore it may be concluded that children who are 
taught the functional understandings of the processes will 
probably have a greater success in solving problems. These 
meanings should be taught not only when the processes are 
first developed, but frequently enough to insure the main-
tenance of these understandings and to advance them to more 
mature levels. 
Teaching these understandings in isolation is not 
enough, as there is no guarantee that they would automati-
cally transfer to problem situations. They should be 
related to problem material. An analysis of the problem 
which would lead to the perception of the necessary relation-
ships should be helpful. 
Children may achieve some success with problem solv-
ing even without understanding the nature of the arithmetic 
operations. These children would seem to be depending on 
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rote learning of analogous problems or on cues. 
The low correlation between problem solving ability 
and intelligence, as measured by the Kuhlman-Anderson test, 
would indicate that problem solving ability is dependent 
"" 
more on some special aspects of intelligence than on general 
intelligence. 
II. LIMITATIONS OF THE STUDY 
The sampling was comparatively small and limited to 
one grade and one school. 
There was no control over the kind and amount of 
instruction given to each group previous to the administra-
tion of these tests. 
The tests used were not standardized and their val-
idity and reliability were not established statistically. 
Understandings are difficult to measure by a written 
group test. An interview technique might have produced a 
more accurate measure. 
III. SUGGESTIONS FOR FURTHER STUDY 
This same study could be repeated with different 
grades, with samples from different types of communities, 
or with larger numbers. 
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A study could be made in which an experimental group 
would be instructed to solve problems by some method which 
would emphasize process meanings and relationships. This 
group could be compared with a control group which would 
not receive this emphasis. The method used with the experi-
mental group should involve more than a choice of processes. 
A verbal expression of the understanding needed to solve 
the problem or possibly a check list from which to choose 
the needed understandings might be used • . 
An experimental group could be given extensive 
instruction in the understandings of the processes and of 
the relationships between the numbers in the processes. 
Meanwhile a control group could be given extensive practice 
in computation. Then both groups could be given a problem 
solving test to determine if meaningful instruction would 
produce better problem solvers. 
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